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1. INTRODUCTION

This memorandum represents a preliminary publication of the parametric

mission analysis work performed simultaneously in partial fulfillment of study

obligations for Post-Nova [II. EMPIRE Follow-On and the Planetary Transporta-

t:on Model Studies. A more detailed report follows.

2 METHOD OF APPROACH (Fig. 1, 2)

The method of approach 1s outlined in the following steps:

(1)

(2)
(3)

Matrix of Principal Lunar Miss:ion Profiles (Definition of Mission
Profiles by the principal maneuvers involved) (Tab. 1)

Numerical Definition of Principal Lunar Mission Maneuvers (Tab. Zu)
Mission Definitions in Terms of total velocities (Tab. 2u)

Definition of Principal Mission Objectives and Correlation of Prindipal
Miseion Objectives with Mission Profiles for Lunar Activities {(Fig. 3)
Vehicle Data for Lunar Missions (Tab. Zb, 2¢)

Payload Data for Lunar Missions (Tab. 2d, 2¢)

Maneuver Reliability (Tab. Zi)

Mission Reliability (Tab. 2f)

Variation ol Net Payload We:gnt with Orbital Departure Weight and
Ideal Mission Velocity (Fig. 4)

Variation of Net Payload Weight to I.‘un;i:" Surface w:ith Orbit Departure
Weigtt for Missions L-5 and L-6 (Fig. 5)
Survey of Planetary Mission Objectives (Tab  3)
Planetary Mission Groups (Tub. )

Motrax of Frincipal Planetary Mission Profiles (Tab. 95)




(14)

(15)

(16)

(17)

(18)

(23)

Hyperbolic Excess Velodities Used for Defimtion of Principal
Planctary Mission Mancuvers (Tab. 6)

Definition of Principal Plunctary Mission Mancuvers (Tab. 7)
Correlation of Principal Planctary Mission Objectives with Mission
Profiles (Tab. 8)

Vehicle Data

Pavload Fractions for Given Interplanctary Missions and Inter-
planetary Vehicles (Tab., 9)

Determination of Life Support System Weights

Determination of the Weight of Spare Parts for the Planetary Missions
Determination of the Weight of the Destination Fayload

Correlation between Missions and Eartn Launcts Vehicles (Tab., 10)

Launch Vehicle Evaluation (Fig. ©6)
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Tab. 2h LUNAR MISSION DATA (Continued)
Iil Venicle Data {Subscripts refer to the maneuvers listed sub. 1.)
j :
Mission L-1 L-2 1-3 L-4

Orbital Launch Wt. (102 1b) 350 1500 1750 | 250 | 500 | 150 | 250 ]500 |750 1250 1500 1750

M n(sec) 450 | 450 450 450 450 450 450 450 450 |450 450 450
Mass ratio, M, 2. 141 2.1412.14) 2. 141 2. 14| 2.14 2. 14 |2.14 )2.14 214 j2.14 12 14
Propeliant fraction, A, 532 |.532 1 .532] .532] .532|.532|.532 |.532 |.532 |.532 |.532!. f,)‘;:
Mass fraction, X, .8 | .88 | .90 | .86 .88 .90 . 86 .88 |.90 .80 .88 -99
Load fraction, A, .38 . 394 | .408| .38 .394 | .408 | . 38 .394 |.408 |. 38 . 394 ;i .408
Mass ratio, U, 1.8311.83)1.83

Propeliant fraction, A, .453 ] .453 | . 453 i
Mass fraction, x, .85 1 .87 | .89 !
Load fraction, A, .467 | . 479 | .49 3
Mass ratio, M, 1.89 0 1.89 | 1.89 | 1.89 | 1.89 |1.89 |1.89 1i.89 [1. a0 !
Propellant fraction, A | .47 .47 .47 .47 .47 .47 . 47 AT AT :
Mass fraction.x, , .85 | .87 |.89 |.85 |.87 |.89 |.85 |.87 |.5% |
Load fraction, A, , . 446 | . 46 . 471 | .446 | .46 .471 1.440 46 47, z

!

Mass ratio, M, , ‘ 1.88 | 1.88 {1.88 [1.88 {1.88 {1 .85
Propellant fraction, A, . .468 | . 468 | . 468 }.468 |.468 | . 4o6b |
Mass fraction, X, , ' .85 | .87 |.89 |.85 .87 5y |
Load fraction, A, , .45 | .462 | .474 |.45 |. 406l | . 474
NMasgs ratio, U, 2.14 |2 04 [ &
Propellant fraction, 4, .532 f.532 1. 52
‘Mass fraction,x, . 86 .88
L.oad fraction,A, . 38 594 z iU
[gplsec) 765 765 765 765 765 765 765 765 765 765 705 ! Tos
Mass ratio, 4, | 2.33)2.33|2.33 |
Propeliant {raction. 4, 57 .57 .57 i

Mass fraction,x, , .82 . 84 . 86 .

Load iraction.}\,', . 305} .323 1% .347 ‘

Mass ratio M, 2.35 1 2.35|2.35 [ 2.35 [ 2.35 [2.35 |2.35 |2 55 12 oo
Propellant fraction, A, .575 | .5751{.575 {.575 | .575 |.575 |.575 |.5%5 i T
Mass fraction,x, .82 . 84 . 86 .82 . 84 . Bo .82 .84 | . ou
Load fraction.A, | 030 | .316{.332|.30 |.316{.332 .30 |.316 ;.33
Leplsee) 450 [ 450 [450

Mass ratio ld, 1.88 | 1.88 |1.88 ';
Propellant fracuon, A4, , .468 1. 468 |.468

Mass iraction,x,, .85 . 87 .89 ;

Load fraction. X, 45 | .462 |.474 ?

Mass ratio, u, 2.35 |2 55 "2
‘Propcl}.nr.t frac’tion, AL, CSTH V5T
?,\1.155 iraction,x e ' .82 . B4

TLoad fracuion, A L300 LAy



vLE 9¢ L4 L9¢ - 26¢ Lee 9¢ - She - £¢ " s Y uotideay prot
06" 88 - 98’ 68 ° L8 g8 g8 98 »e Veixtuonovdy SSEW
£9G° €99 ° €99’ €99’ €99 €96 " £9G - €96 - £ 96 st <.~:.V3u.c: jueriador g
62 2 677 62 2 Y 4lrd 67 "2 67 2 622 62 ¢ YA YiMonea ssepy
0S¥ oSt 0S¥y 0s% 0S¥ 0S¥ 0S¥ 0S¥ 0S¥ (00s)d%
¥eZ - 9¢? g1 ShHT 9L1- 961 ° 590 PO $20 " Y Y uoriovay prony
578 628 67y w4l G9L 59, 0Sb 0S¥ 0S¥ (bos)dsy
06L 0064 067 . 042 00¢ 067 06L 006§ 06?2 (Q1 ¢01) "¥m youner [»31q.10
9-"1 9-"1 -1 UOTSSTIN
L6S T €657 88S T 1 (6S g8G ~ €89 8RS © ¢ RS WLG ‘Yiuorjorag prory
€6 26 16 7?6 16" 06 I6 06 68 RIS RIS S BT AN
QL Gle GLY GLe GlE gle EYA CEA! CFANE ..(\..LC:.:MWM puvpadoa g
91 91 g1 91 91 91 9 1 g 91 tOTp SR PN
00¥% 00% 00F 00t 00¥ 00¥ 00% 00p 00F (ros) 15
Y 9¢ 7’ 8g1¢ SOl QL1 941 ° T PEO (70" ety tuonovag prot
88" 98 - I8 Ly 68 iR 76 06 Qu FUNTU UG Pa Y SS U
969" 969" 949" 0L 0L 0L 98 - 98 98 Ceeiyruonp ey quviedodd
816°2 8I6°2 Q167 |¥¢ €  ¥e°€ bl € PU L B1L L F1L O ogva ssvIN
5?78 6?78 478 S9L S9L S9L %4 0s?d (0% 4 Ag;.ﬁv&rH
0sL 004 067 0s2L 00§ 06?7 0cL 004 067 (G1 ¢01) "Im youne (g0
S-"1 S-"1 G- UOTS ST

(papniiuod) »iect afoya A 1

(ponuniuon) vIVA NOISSIIN YVNNT

27 4l




TM UDuURET qI0 .

v o opid ss0xB 3O 9,06 O 48~

1 cprd 1aN

209 §°9¢ ¥ ot | cu oopZlszrz ST ¥9 | ¥ET S¥D S8 (q1 ¢01) wdrom peotded 1oN
AV ‘i
Y=
e ot 60 RIVER IV
g1 Gl 5y 'y —
! 2¢¢° 91g " 0¢ ..&!
Lb 7% =08 I X
. (205 05p 90T
w H(L19) sAAnIUYIN
| 398 Q) = dsy
{ s ‘v ¢°7) saaanauviy)
ﬁ (UOTIO BRI PPO UOISSIN
0z 6°11 ¢°6 |2°¢s 9°2¢ 6%l (44! LL LE kL2 6L 8 Lel (a1 ¢oT) wFrom profAvd 1oN
H I LAY :
Y Y X Y-
ZLE0° €€0° 870" Py ¢ : !.&
160 6£80° ¥9L0° ,«i, ) ,k =YX
761" 181" 691" A
07 |81 8L , ‘v ‘X=X
Au@momw‘,(.aww”,r:z..,..:.:;;::,/J
TUOID P PYOL UOTS SN
oGl 006 062 05 L 006§ 04?2 06L 00S 067] 0SL 00 057 (g1 ¢ Q1) 3m Uosiuvi jringao
¥y-1 -1 Z2-1 1-"1 " HOTR BTN
e1v(l protAve] Al
(borunuon) VIVA NOISSIN MVNATT - Pz vl




|
9°'6v ¢ 67 621 « {ai mo: e Tmﬂzmm .am AN
660  GRO T ?5L0° | hagtter w“«
« 19938 0¥/ = ]
R A v 172 S0°6 (ay ¢01) ¥ U::»c 1 an
64 LO 7907 97507 Y w&
I YIS OO/ 592 |
80! LE raa (ar (01) ™ prothed JoN
| pE70 2510 9L0O ! , NN S X
X ] w yas gok/oat 1
062 00% 07 | 05t 00 07 0L 00% 057 (L Q1) ¥yt (irg a0
q-"1 :.a,-mrz: 9-'1 g-"1 i T T RN R
ert 7 4L oot {41 «wa CRAN _«Z..:.M.\.Wfl PoN
4RI LB ,.&.,w,.,«_\,wx
I RN STy "y
R A G R 1 L1 {eq1 mcmv N .w:;:\f:w IIN
Lyl GGl 9160 I G S ¢
— o GOF/S9L :,,Mi
61 Se 27 (at gor) 3w propArd gen
“ 2860 9570 €510 T TY Ak
| . D08 00F/05E
06l 006§ 067 042 {106 06? 0s L 00¢% 07 (1 01) 3™ \puney (eigo
S-"1 6-"1 G-l

(ponunuon) VLVA NOISSIW MVN{IT 027 "arl



!

vrping s oAy MUY w Paeen Rde Ay
 pue SUIPUTE 40F SHITA JDMO] R Of eDT I FYRIPE PRATTITS

sankoy (runiteltavs¥ gy

cate 03 4360 1 Ay petpdnnon
BLS S FIIYM CENUSA AUY raons CHAEROY aﬁﬂn.umu&ww.)f,...w ALY BB L)

L]

SY¥ IR m* SIMEIEEN I I e[ S E NAATY GUA0 NESINS Sav Felid
P 1 i
D% o @nEpan s 3T A31af

aked nors A o URIOBEjUE s

Lot h o

A )

sopded pax ade e

S RW aAwy

Lo

T :
v ot
i [T
70 (T
Yy HE I :
! [ e
v
P
[ §ovs i o
91t ¥ B ! .
vl ot g ¢ 2
See i % 1 T
[PA L IV PT R e
TEA R T 7 3
¥ b
¥ 7oLy N
v ol
IS
b
1 .
{ R { .
: Zos @ 7 0t 1 g .
(petl 04 8 17 (o8 8 (78 ¢!
:m(c G :... 0?7 (%5 (b B
RS Boit T T
61" g AN
LAY 7 i? P 7w [SURT TN
H B it [ T
i ! 3 70N .
¥ 01 G <t P - TR B SRR N
& 2! > LI S %
G0 y B §owy s oav i .
gk ¢ § 2 ? 67 LR o4 L IO [ 3y
127 A s a
R ity ra e
v Am ) {
o «* SONE)
{apriiy - m.)u. 4 _.:xa;mw_: :
Dersapt {apogae LRI I ¥ d «'v> Axlus Kt MGG M
1A qao ded & Q0 dAy ¥ waats) MY RAY % ;
RTEARY BT E RN TINTY 4 2413 O3 {(3eansuvw s wodn Al STl 00k ‘15 @ 008 "\ 1A H wed
6009 < 0007 Wwazve) Qa0 %P} spuadaq wes vo a0t 11 580 Y. i A
U isigies| | 000v | 0004t TLigi) 0SS} 6001 TN el aptad g e loesn§ wesea Lo 95008 {
Raiadd 4 IR ¥ puegl 01 M0 drupatis qided bioows 10 | B puep g | sawpane ERTSEANG
q1n e wie > won | v msaag A 6y WG O U3 10 wtes | oodesreael yeuwpd) oUW O G} gae o3 qan 1rqa
HET UEI SRR S P R 44 fruvs Bl gaes uoop sats ey qaaddyy wiavg | suvid] saviong { qio adel sargsien soqaadiyg vy NI
971 Sl b1 ! A i ol b 8 3 9 5 b ¢ P ;

{2

K

BASAL AUV UGEEWIPN Al€iatTie] PR AR TR S IRIRV IR P RIERS B/ 4]

L



A

a%,

gL Le - LL 0% - 29$ 00F/978
pg | 25 | eE | L8 94 0b | 2°5 00¥/S9L g
Ly’ §9 - g¢ - 06" oL St nas 00F/0¢h - 1
08, Sl oL, | 08, S Ly 0L, FEEPN
AW\\H rhulm UoOIs st

88 - £9° Sy’ 208 041 /49l
a8’ 16| st° 68" 29 &% (6 Gl 0na Das Q) A
16" 99 | &¥’ 767 oL 0¢ -’ b6 LLe 20 96" geg cal’ oas o¢y - T
08, | GLi| 0L, 0, | 4L 0L 0%, Gl | 0L, 08, Gl 0L, EREDN
y-1 ¢ 1 2T -1 [ oS STy
Gipod worssUN IA

T e e
]
86 % 5 Lé 66 S6H- g6 - N S6 Lh S6H 1338 H6 0RO
ov sz . . .
L6 w | w {267 96" a8 06" @ % ¢g | 06 $8 06 S Sl
06" NGRS 06 08" 68 ™ & 1087 SR - Gy L O 0LGY
T Ty
(9-71) cayL | 0uF/20% | 9L | 0S¥/00% coL | oot | see| soL | OSE (pos) 1
ENOA g L q Gpue avrunT] nqio-2d] ¢ >
zapuay G I3ANDUUIN
Knrqrigon] 43AnouviN A
(papn(oued) YILVA NOISSIW VNI o oavl
;\\\i/v - .



*§O13IATIOY LBUNTT 10]
101100 ¢ O3

82[1jO1J UOISSLN pue saaljoalqo uoissiy [edioutig usamioq uohie

s % " * - (suosiad Qo[ <) 2seg 284" 7't ,
s« # # % 3 (suosxod 001 - 01) oseg WNIPIW [ °¢ W
|
!

§oseBg JBUIV] JUAIIING-J19G A3aRd  0'¢

% u 5 %* o {suosaoad gOT - Q1) 8P WUIPOW 2 2

_M | *x e (suosatod gy =) aseqg [vwlg [ ¢
soseg 1rvun juopusdaq-yliey (7
« s1opuvr] wodj uoneropdxy o1
9 -] | -1 ¢ -1 71 1-71 $aAT110af () UOTISS A Jeunry

« ,_:‘E.,.m,&, UOTSS LN




300

1 ¥ 1 1
- L-1 .
_ . — Isp = 7c5 sec -
'c —
,.: L — —— ISP' 450 sec L1 -
2 : PR
— . /
E ZUU )/
= - / e .
9 7
3 - / L 3 P
< rd -
z - 7 - 7
= -~ [ o3
> = P 4
: o / - A/
"" PRV e — L;"3 e
5 - | .
L u _ ~ g - - - l=d ™
o - — “ N
- ~ ’/ g - ":p -
V/ //::’ - -
_— - -
G - H 1 i i
200 400 000 BOO 1000 1200
3
Worb launch (107 1b)
30() ¥ ] T T T
£ i \‘ Isp = 765 sec A
o~
= 2060
!
O aud 9 -
e . J
T
U \
g ] ‘ \ |
5 T Wb launch =00 b
Z: -
i | I\\\ 750, 000 1b .
- 1 | b ———— 500, 000 1b .
0 ) { L ) 250, 000 1b,
0 20 40 60 80 100
) -3
A g 110 ft/ sec)

Fi¢., 4

Mission Vencity,

Variation of Net Pavioad Weisht with Orbital Departure Weight
and ldeal



NE+:-PAYLOAD (1b)

100

10

10

L-5 (526/400 sec)

L-5 {765/400 sec)

L-6 (826/400 sec)
L-6 (765/400 sec)
L-5 (450/400 sec)
L-6 (450/400 sec)

! 1 i 1 1 !
200 <00 600 80O 10060 1200

Pig.

ORBIT DEPARTURE WEIGHT (i03 1b)

avion of Net Pauloed “o Lanar 5irface with Orhbit Departure
N

PR S T T,
Vax T P L YA T




110330 §1Y) 10J suotyedtjrysnl
ajRUTWII[® ABW SJopULT] POIUIWNIISUT WIOIF BIEP 13yidn g,

‘ajqeuorisanb mmmcwﬁﬁ\,ﬁtuoga

()] % | (s)or1(To s alqeitug 72 °d

* % odvians jaueid 1
aswyl Jurfanyoyd

(#)}] ] x| = (s)onqroles ajgeing ¢ ¢

¢ é cca.u‘m.ﬁoﬁaxw ferlajeil med ‘oowjaus Aaviouvidd 7 ¢

e Furuorytpuod zouv(d puw yorvasad

SJI] [BI13S3IID)RIIXI PIPUBIXY ‘AD¥JINS Axvyouryd 1%
asvy] 1usueurlad ¢

(soydeaBoon ‘stuopy ‘snievdj ‘3 -0) prol1alsy 72

A*v * * 8 {$)03T{1DIFS D1geITNG ¢ "7

%* " qeu aseq sydnmu voepans joueld 277

(%) * b asuq a1duls ‘9leyIns Joueld 17
yoaeasay pue uonuioldxyf 10F ose] Lavarodurs 1 2

(stuopy “(#p6) 0B1EPTH (996 [) snAEeI] 1n0100q Fuisadojur

AT(eoy13uads 10jJ sojdurexo) spioaoyse uo AupueT G 1

()] =] | = (s)orppoivs vo dupuv ]

* % N?.L ae Suipue] sovjang oy |

ORI T _?.L Surpue| adejans moypm Auo draoudsouwny 20T

* * * %* % o % TRIqUQ 1
uonjetoldxd

) m>$uoEO
saAT100lqQ uoOTSSIWN jo AdAung ¢ qel,




Tab. 4 Planetary Mission Groups

Mission Group

i-Way

Round-trip

1.0 Fly-By
2.0 Capture
3.0 Landing

4.0 Planetary moon landing
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Tab. &

»

Hyperbolic Excess Velocities Used

for Definition of Principal Planetary

Mission Maneuvers

All velocities are given so as to permit 20 to 40 days departure window at the

transfer periods given

Earth Planet Planet Earth
Mission Dep. Arr. Dep. Arr.
(EMOS) (EMOS) (EMOS) (EMOS})
Me-1 0 (1-way) (70£T <100 d) 25 A
Me-2.0 (round-trip) (200£T£300 d) 320 .35 .30 .33
. 352) .55 .45 .35
V-1.0 (1-way) {1084T £132 q) By
V-2.0 (l-way) (964T 4102 d) 1 .10
189 145
V-2.0 (round-trip) (360£T4400 d) .18 .18 .32 .30
Ma-1.0 (1-way) (140£T <180 d) .15
Ma-2.0 {l-way) (160<T <180 d) 15 14
Ma-2.0 (round-trip) (4404T4£460 d) 6l 13 26 .55
179 .20 .28 .65
Mi-2. 0 (round-trip)(8004T£1000 d) 12 10 14 12
4 2
FJ-1.0 (l=way) (190”&1"1,&226‘) d) 1.0
220 250 . 80
280 310 .60
430 460 .40
3-2.0 (L-way) (4004T 4460 d) .45 .55
300 340 .60 .80
3-2.0 (round-trip) (11004 T £1200 d) 32} 29 47 1 04
,33? 34 48 116
(8504T 4950 d) 43V 62 42 117
.46‘? 69 42 1,03
{(5505T %600 d) .65:,; 98 .62 1.03
73 .08 b6 117
S-1.0 (1-way) (3&01)":,"[1&:’100‘2) ) 96
(480 520) 70
(720 760) .50
(1020 1060) 4]
$-2. 0 {i-way) {3604T,%£400) 06 1. 4]
(480 520) 70 1.1
(720 7T60) 49 63
(1020 1060] 4 40

1
b L 1
MERFavorable mossion yvears

2
[

Jorfuvorable mission years




Tab. 8 Correlation of Principal Planetary M:

Principal Target Mercury Venus Mars
Mission Obj. Misgsion
Profile MP- 1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0]1,0 2.0 3.0

e

1.0 Exploration

1.1 Planet from Orbit |+ + + + +% 3 +%
1.2 Atmospheric Entry *
without Surface
Landing
1.3 Surface ~ +% ok

1.4 Satellite(s)

2.0 Temporary Base(s)
2.1 Planet * *

2.3 Satellite(s)

3.0 Permanent Base( s)
3.1 Planet
3.1. 1 Establishment *
3.1.2 Maintenance X* X% *

3.2 Suitable Satellite

3.2.1 Establishment

3.2.2 Maintenance

+ Instrumented Probable (One-way Mission)
X One-Way Mission, Manned or Automatically Controlled Non-Manned Tran:
* Round-Trip, Manned



101 Objectives with Mission Profiles

Jupiter Saturn Uranus Neptune Pluto
011.0 2.0 3.0 4.0 (l.0 2.0 3.0 4.0{1,0 2.0 3.0 4.0 |[}.0 2.0 3.0 4.0 {1.0 2.0 3.0 4.0
+E +* $F 0 HE T + + *
+% +% ¥ +%
+ + + + *
[ * * * *
o*
X* X% * | Xx X% * * * *

sort Vehicle
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3. DETERMINATION OF PAYLOAD FRACTION ;\i FOR EACH MANEUVER

The payload fraction, defined as ratio of gross payload weight W)‘ ; to ignition

weight W 4. at the beginning of the ith powered maneuver, is given by

w -
Az o =irs e Fllsp - 1) (3-1)
Al x ’

where

X = muass {raction Wp/(wp - wb)
Wp = propellanﬁ weight
Wb = wet inert weight

T o= vigle

The relation can usefully be plotted as A versus ?.’/"Isp with x as parameter(¥ig. 7}.



O

. 14 propsing ss010) 314
%  §suo1IdPi g SSPIN [VIBADG 10J o131y ANDO[dA JO uovIduUn g sv uoldrag propird
91/, oumi MeERA
0
7
—

B . prae it

R I D0 R A

4




4. DETERMINATION OF THE INITIAL VEHICLE MASS

In a ballistic -type multi-stage vehicle, the overall payload {raction of,
say, a 3-stage missile is

Maz® AL Az Ay (4-1)
For determination of the initial mass of an interplanetary (or lunar vehicle) this
approach is inadequate, because of iosse¢s and planned weight reductions en route.

(Tab. 11)

These are designated as Wj- in the systematic weight break-down/reproduced from
the EMPIRE {inal report and attached rere, '"Principal Events in Cupture Mission”
They consist of two weight groups, namely weight Wji jetizsone d in a Yhouse cleaning
process prior to powered maneuver M-i; and weight th’ ie1) eliminated during the

period between two major maneuvers M-i1 and M-(i~1). Generally, wj(i, i+1) and

Wj (1+1) belong to the same stage or module and can be lumped together as

AW(i+1) = Wit e) T Y041 (4-2)

or, written in a different form,

Aw (4-3)

(i-1) = Py Wa(ien)
The method assumes that the terminal gross payload, designated as WR 4

in a 4-maneuver round-trip caplure mies.on is known or definable. Th:s, then. 1s

the pavload of the veh:cle during its Earth approach maneuver M-4, and tne vehicie's

corresponding ignition weight is

- 1
W EL "
A4
Ay

(4-4)

§

A4

During transfer from plaret to Earth the weight W;34 was eliminated. Prior 1o the
J

Earth arrival maneuver M-4 the weignt qu was eliminated. Thus

}

o

AW4=WJ34& Wy (4-

whence the "gross pavioad weight” of the vehacle during the departure marneuver



M-3 from the target planet is
Was™ Wagr AW,

Therewith, the M-3 ignition weight of the space vehicle becomes

1

- : . Sl
Wpgsa— (W, AW, )2 W 4 aw,

A Ay Ay AT Xy

Correspondingly, for M-2 (target planet capture),

I o 1

W L 1.5 e
AZTA AL Ay AN Ay

and for M-1 (Earth depart.re).

I | | N |

WAL = e AW,
ALTX A A A A A A A A A2

1 .
T—AW
A 2
Now, let
4
Ay A
. P, P, P
I W_=p, W, = — 2 W L I3TF W
3 3 A3 4
Az dy AEOXga,  AG
P P2 Py
W_o=p, W,, = SR
& L ‘\2 4 4
AL A, AT A A, A
p,w5 PZP)P[;
- \V Pl s
M, AL A, AT N A A
or, simply,
p
“4:_2—' A 4
>‘4
. P3
W = A\ 1 4
. ,)\ /\4( fp4)
34
5 X pz \l\,‘

(4-6)

(4-7)

3
3

,M
M

13



where
)34= As )‘4

(4-12)
A= A, A A

From these equations. the following relations are obtained fur the ignition weight

(A) 1f an M-4 is involved

w A4 given
W T W {4-13
Y (4-13)

w T e W 1 -
a3 LR N (4-14)
WAZ=——————-——WA4(1+p4+p3+p3p4) {4-15)

W = W l+p_+ ' + + F + 4-16
AR, AglltP TPy TR T PPyt PoR, PP, T PpP Ry (4-16)

{B) If an M-4 is not involved

W ) 4 given

Was =Wy (4-17)

i .
W = W
A3 X ; N4

in fractions of :gnition weight of their stage. They are useful parameters .o deter-
mining the orbital depurture weight as well as the agnition weight for all mayor man-
cuvers during a planetarv nuss:on as functon solely of W 24 (p:‘edctermmed), A .

5 - - N : g N b s . . [ T e
. Av e {ms-.on profiie) pand p, fwhich can be var:ed parametrically or
s jae y t 3



determined in accordance with a suitable pattern).

3

In Tab. 9, payload fractions are listed for several interplanetary vehicles.
From these, the various ignition weights and the orbital departure weight can be
determined for given values of W \ and p. Mor M-4, in Tab. 9, it was assumed
that it would serve only the reusability of the interplanetary vehicle. Therefore,
capture into a circular orbit is assumed. Where reusability is not important or
unfeasible, it is assumed that no M-4 is needed, because either the terminal pay-
load (a fraction of W 3 4) enters hyperbolically, or the crew 1s picked up by hyperi ‘

bolic rendezvous.



Tab. 11 Principal Events in Capture Mission

Weight of vehicle fully assembled in satellite orbit (initial weight)
Weight consumed prior to launch

Weight, following mission readiness test, at ignition
(launch weight)

Burnout weight following M~1
Propellant weight consumed during M-1

Wet inert weight of vehicle section (escape booster)
staged following M -1

Weight at the beginning of coast (initial outbound coast weight)

Weight consumed or jettisoned during planetocentric coast
and heliocentric coast, including weight consumed for
correction or spin and de-spin maneuvers, boiloff losses ete,

Weight at termination of transfer coast, at the beginning of
preparations for the M~-2 maneuver (terminal outbound coast
weight

Weight eliminated in preparation of capture maneuver M-2;
"house cleaning", i.e., jettisoning of all items no longer needed
at the end of the outbound coast. This measure is taken to
ensure that no unnecessary weight is accelerated

M-2 ignition weight

M-2 burnout weight

M-2 useful propellant weight

Wet inert weight (M-2 propulsion unit) staged foliowing M-2

Weignt at beginning of capture period in target planet satellite
orbit (initial capture weight) '

Weight consumed or jettisoned during capture period, including
propeilant consumed for whatever adjustment maneuvers are
necessary

Weight at termination of capture period (terminal capture weight)

House cleaning in preparation of M-3

wSl

£ =

j12

Ccz2

=z

£ £ ¥ =
it
€

Wiz3

=

Wj3



Terminal EEM weight (terminal mission weight)

Tab. 11 Principal Events in Capture Mission
(Concluded)
M-3 ignition weight A3
"3 i ]
M-3 burnout weight B3
SN - i W o =W - W_
M-3 useful propellant weight p3 A3 B3
Wet inert weight (M-3 propuision unit) staged {ui. nwiryg -3 b3
Weight at beginning of coast (initial return coust weighty WC3
Weight consumed or jetiise.cd during plancicooniric and
heliocentric coast, inciuw.ng weight consumed for correction,
or spin and de-spin maneuvers, boiloff losses, ete. W134
Weight at termination of transfer coast, at the beginning of
preparations for the M-4 maneuver (terminal return coast
i w
weight) Ca
House cleaning in preparation of M-4, including jettisoning
of the entire LSS except the EEM Wj4
T . W
M-4 ignition weight . Ad
i W
M-4 burnout weight B4
_ . W =W -W
M-4 useful propellant weight b4 A4 B4
Wet inert weight (M-4 propulsion unit) staged following M~-4 Wb4
Ignition weight for correction maneuver M-J prior to Earth
ent
mry A5
M~5 burnout wei
urnout weight BS
Wet inert weight jettisoned following M-5 and prior to Earth
ent W
niry b5
Initial Earth Entry Module (EEM) weight E1




LIFE SUPPORT SYSTEM

Four major weight groups are to be considered:

Basic life support system dry weight (net dry weight without abort system
and radiation shelter)

Radiation Shelter
Ecological System and Emergency Power Supply

Abort System

Basic LSS Dry Weight

Reference System: L.-42

Basic LSS Dry weight (w/o ecological system and rad. shelter): 31,590 1b

Total Volume: 6500 ft3

Vol. specific weight = 4, 85 1b/ft3

Crew size: 8 persons

Total vol. per crew member: 810 ft3/p

Basic dry weight per crew member:‘ 3950 1b/p

Now we will make the following assumptions:

1 Fig.
{a) Total volume per crew member decreases with increasing crew sizef
'n a n - number of crew members
v = 8OO ()
tot 8 a = -0.1
(5-1)

(b}  Total volume

(Fig. 9)
, T b T = mission time {d)
v = 800 (5= (5-2)
tot 100 b=0. 6
{c) Trercfore, the total volume per person as function of crew size and
mission time can in the first order be represented by the relation
£5-3)
( ( " A T b P o
Vior - 800 ()7 (=) (£t>/p)
¥ 5 400

per crev Member ITITreases \’\'ithiﬂ(ll"t’;’.dbl!’lg IMissi0n Lime
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{d) For a given type of mission, e.g. capture mission, the crew size

increases with travel time (Fig. 10)

T , .
) T c(.m) n® ba»sxc cr‘ew size for 400-day capture
n=n (W) . mission; n to be taken as the next
higher full number; ¢ = 0.3 (5-4)

{e) Therewith Eq. (5-3) becomes

v = 800 e ( T )C(4§O) a T b (ﬁ3, )
tot s oo oo F

which raakes the specific volume a function of mission time as independent variable

—
Ut
[
wn
—

and of the basic crew size as parameter. The bas:c crew size is defined as the
size of the crew required to run the ship and take care of the vehicle oriented and
the mission oriented functions. Not included are crew members for special tasks,
such as surface excursion, visit to a moon etc., since these excursions may not
vary as to duration and objectives even though the mission time varies. They must
be evaluated separately as function of their objectives and duration. The increase in
basic crew size aims to take into account the following factors which tend to cause
an increase:

Higher probability of crew members getting incapacitated.

Reduced overall average efiic:ency due to moenotony. fatigue effects, etc.

More mission tasks because more observations and measurements will be

wowould be less relevant or not practical during faster

.t !
1S

s fespowaily on-board biolwglical experiments Invoiving many
generations 0f animals)

More vehicle-oriented tasks. hecause a greater variety of failures 1s hkely
te occur and a greater variety of skills will be required to keep the

vehicles operational

If Eq (5-5) is applied to an n, = 8 person crew, the following proture resuits:
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i1

no::8, a=-0.1, b= 0.6, c=0.3
T{(d) 200 400
n 8 8
a
= 800 [Eq.(5~5ﬁ 800 800
b

B = (T/400) 1.0 1.0
. 3. o1 .
Vtot-A B (ft7/p) 812.5 81253
Vior tot ({t 55006 6500

600 800 1000

10 13 16

780 750 740

1.261 1.515 1.734

1600 1155 1307
10,000 15,000 20, 900

The principal functions are presented in Fig.

(f)

Il

2000

102

610

2.6

24

1629

166, 000

The volume for L-42 costs about 4. 85 1b of basic dry weight per i’

This specific weight is likely to decrease with increasing LSS volume.

w
\7
(f)
W = n
tot sp

Yor the case ofno =

T(d})

tot (ft )

W (Ib/ft3)

sp

v

Therefore

tot . d 3
= 4.85 {———— b/t
sp 200 L )
tot = total volume of 1SS (ft3); d = -0.05 (5-6)
Therewiti., the dry weight ¢f the basic LSS becomes(Figs. 12,13, 14},
Viot \d
/ ’ = - 4.85 ib
Yot Vsp T " Vtot AT 5500 ) (P
T =)
n . a b
C( A ) a b o [—-——0 T 400 ] T
To Ty FOOTET T 47 800 n | %~ byqpg! (307 |
g 400 i 100 ) 6500
T ) n T (——; ] T b
a 800 n | o 400 —_) ib
T )‘(400 )] Ly [ RETIO T
400 400 | 6500 {
(5-7
=8, a=-01, b=0 = 0.3 and d = -0. 05 one obtains
2000 400 600" 800 1000 2000
8 8 1C 13 16 102
6500 6500 10.000 15,000 20,900 166. 000
4. 85 4 &5 1. 75 4. 655 1. 57 4. 120
31,590 31,590 47.500 70,000 95.600 6593, 000
3050 3950 4750 5390 5980 790




Is}
n)u_ w >N -+ - ~3 - o .
W N EOEE SRR R B M RRS LS PR P O I RET B9 B B iyt o) s pp et R R sk isdb »T_.p. MEMENS s )i l.nrr,w, e e
i - s -y . . i | R
T -
1] o 3
bty
RE '
* : 1 M
- .
H P o
HE "
T2 9% v
=1 \aDw D .-
g o 2
o 2 i
£ . g !
4 E = E *
iy Z 8 i
) PO o s |
! o f
fisa g g i "
S8 & R n !
%H 5 = &
[ o m
. 1 %]
T o 2
2 [ ]
i B2
BE =] g .
- =]

.,‘—Lal.._.
]

.
1

-

}._.,
T =F

"

}”..{, 1| { ‘ A._‘,.,.},A.I

!

i

17 EX S3kE O R

I

-~ s
2 — D
— _ -

—
—
-
-1 O
-
—
—
© .
~N —t
> -
>
(%)
=1
9]
~
= T2
] —
—
=
<
- —t

[ (d)

Mission Tume,



\

tot
(10° £t°)

Fig.

200

180

160

140

120

100

80

60

40

20

P=3

b=20.6
c=0.3
d = 0.05

1Radiation Shelter
_tand Abort System
;. | Weight not included

0 500 100v 1500 2000

Mission Time, T {d)

Variation of Total Volume ot LSS, Crew Size and Lo
Dry We:ight per Person as Function of Mission lime



T . 0 USRS R - ‘W_ffi e
- m “
B W
. B ]
//
R
N |
N VRN
L — JEUNN NS SR MUY S | //:: L lr . i —
b N b
Ml _
L A |m|« l».z.x_ﬁf SN PR SR
: m
. S SR — — - Y JINENS B

e —t

SRS S

10°

102

Wy

(1b)

10t

10°

SIEN

102

102

T {d)

Time,

Mission

Lol

t

S
e {Raddin

il

I

NMis-oon
t,d\‘,fi)

el

i

s

-
1

e

S

oot

)

ter

tel

Variation of Dry Weight of LhS wath

It

P‘

IR
&
e



“rt,
L
o

wn
[ g%)

Radiation Shelter

Reference system: L-42
8-person radiation shelter for mission year 1975/76 to Mars.
Volume: 400 £3; Weight = 11,800 1b |
Mission time: 400 d

Average radiation dose = 1 rad/day.

Volume specific weight: 29.6 lb/ft3

CH2 shielding area weight for above mission year: il gm/cm®

= 22.5 1b/ft%

(a) Shielding requirements vary with solar activity during mission yeé_:"

Presently, for the period 1975-2000 an average value of 13 gm/‘t::m2 =26.6

is selected for a 400 day mission to Mars and 1 rad/day.
(b) The shielding weight is also a function of the heliocentric distances R
covered during mission. Thus, for a mission to a more distant planet, the required

shielding weight should decrease. However, the usually longer mission period has

n

compensating effect since it requires a reduction of the acceptable daily radiation
drse. Moreover, even missions to the outer planets rmay lead close to the Sun
(:sually during the return flight); so do missions to Mars. Therefore, pending a
more accurate treatment, the following assicnptions are made for appiving a correc-

tion factor { :

c

400-day Mars mission: fc =1.0

600-dav Mars mission: fc =1.15

800-day Mars mission: f_ = 1.25 (5-8)

C

1000-day Mars mission: fc =1.3

400-dav Verus mission: fc = 1.15

Contirued next page

ot
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300-day Mercury mission: f’c =1.6

800-day Jupiter mission: fc =0.9

1000-day Saturn mission: fc = 0.7 7 (5-k8)"7
It is realized that these figures are subject to variations depending upon mission
time, mission profile and permu:s:ib.¢ da:lyv radiation dose. lhey will be refined -
to these effects. Presentiv tney merely represent a trend. ‘

(c) Presentlv. 1t I~ uss-amed for the sake of s:mpliicity. that the radiation

shelter :s alwayvs a section ui a cvlinder. Therefore. the following relations hold

(d = diameter. h = height or length of section):

V = —’;L— d% h = volume of shelter (inner volume) (5-9)
: 2
S: mdh+—2_d" = 'rrd(hT—-q—) = total surface (5-10)
e area of shelter
4 .
s _ 4lh+ =) ‘ (5-11)
v dh
d |
g._4h+77) (5-12)
dh '
’ . . . 1/3 .3
(d; The reqguired shelter volume is assumed to be about 400 (T /400) ft

/3 , .
tor = persens or 50 (T/400) it? per pur<on (ftuor T>400 d only). Therefore, if

is the crew size, the suricce arex 0 tme =helter becomes

L a !

e T T .2 (5-13)

S = - B {===—) (ft7)
dn 100

{e) Bazed on the nner volume o1 the reference shelter, the welignt per
anit surface area is
11.800 11.800 i ‘ ,
W = . ! S 11800 40 5 bl
S T 9.5(5-4.75) 291

Therefore., for the reference miss:on of 400 d to Mars at | rad’/dayv the area specific

2 B .
wesght of the radiation shelter will he taken as w7 40 ibsit? Since the radiation

S

shaeld weloht ainooantsto anout 22,05 1117 wiore sre about 18 10,/{t° or about 45% of




the total weight absorbed in interior equipment and furnishings of the .radiatioiifa? .
shelter (e.g. emergency ecological provisions (incl. water), medical provisijoné.‘,
emergency sanitary equipment, "hospital beds', etc.). This weight thus amounts

to about 5200 1b or 650 1b/p average for each crew member. This weight allow-

1/3

ance is tentatively varied with (T/400)" "~ for T> 400 d and kept constant for T« 400 d. - =

{f) Thus, the radiation shelter weight consists of two parts: radiation

shield weight,

Vs ie™s® (5-14) -
and the interior weight, W
_ 1
' - T .3
ine = 0207 0072

With the use of Eq. (5-13) and consideration of (5-8), the radiation sheltervwe}‘igh‘*t..- ‘

becomes then (Fig. 15},

w =W+ W
RS S int
i L 1
200 (h + —) 3 T 3
= £ ; 5 SR
c ¥g 2 n(400) Tébon(400) (1b).
dh
J d
- 200 (h + =)
- T 3 A 2 - (5-16)
=n (m) [ic Wo 5 + 6:0] (1b)
where
d = diameter of (cvlindrical) radiation shelter
h = Loight or fength of {(¢viindrical) radiation stelter

T = mission time
n = number of crew members

Wo = area speoifzc weight of shielding material (CH, + Boron) = 26. 6 lb/ft2

wn

For the numerical computation, & height of ho = 5.1 ft or multiples thereof is

selected, to assure that all stories of a multiple -story shelter are of the same
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heignt. This makes the diameter

d-yz X 121 Y 05 Y
4 h h h/ho

e.g. for a 2-story shelter, d = 0.5 vV V/z . etc. For the previcusly tabulated

(5-17)

example, then the {ollowing results are obtained,

T(d) 200 400 600 800 1000
n 8 8 10 13 16

£ 1.0 1.0 1.15  1.25 1.3
£wg (1b/ft%) 266 26.6  30.6  33.2  34.5
V/n = 50 A (ft3/p) 50 50 57.5 62.5 65

v (£t3) 400 400 575 813 1040
h/h 1.0 1.0 1.0 2.0 2.0
d (ft) 10 10 12 0.1 1.4
h (ft) 5.1 5.1 5.1 10.2 0.2

Wt. per person (ib/p) 1970 1970 2100 1635 1630

W g (1B) 15,750 15.750 24,000 26,800 35,400

5.3 Ecologice!l Svetem and Emergency Power Supply

The ecological system is a function of ¢rew size n for n£ 8 and Mission
period T} appror mately as follows:
W = 6500 - [2.7 fé(n—Z)]T (5-18)
Ecol

(w‘:xerc T is measured :n d;.ays),io; the foliowing conditions:

(7} Volume of system: 2600 £t

(h) 5.2 psia atmosphere
{L-1) OZ*N?.

{23} SorelumrmIYesesIGns



(b-3) 51b/d O,-loss by leakage and use of airlocks

A
(b-4) 3 1b/d NZ-IOSS ” " il e " "
(b-5) Emergency O, = 10% of 0,-loss

(c) Food = 3.3 1b/p/d (80% dehydrated)

{(d) CO, - reduction, O,-regeneration by Hz-reduction and electrolysis

{e} Water weight = 1200 1b

-
e

Emergency power supply 1 5 ekw (turbo-generator)

,\
gl
R

Cunt:ngencies: 10%

For n> b the tollowing equation is tentatively apphed{Fig. 16):

WEc01: 6500 + 800 (n—8)e+ [Z’iw. 6 (n-2) ] T {5-19)
e= 0.7
5.4 Abort System

The classical abort system consists of an Earth Entry Module (EEM) and
associated propulsion system, for rapid sc:parati'on from the failing vehicle and
for entering a suitable orbit if re-entry cannot be effected. This concept obvicusly
cannot be retained as the crew or

passenger number keeps increasing. Secltions

124

of the vehicle must be @wrnsidered for abort. This is presently under ircestigation
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6. SPARE PARTS FOR THE PLANETARY MISSIONS

o

The length of the missions makes. it.nece.ssary to ca-r'ry spare parts alcmg
thereby making use of human skill and judic_iousr.xess.'to k.eep the vehiclq; opera-’
tional, rather than providing added reduﬁdancy at considexfkabltva weight penallty,",}éié
it must be done with an instrpmented system. b

The kind and quant:ty of spare parts depends on the vehicle type and length‘:
of mission. The weight of the spare parts cannot be detefrnined without a relia-
bility analvsis of the vell.. » svstem and its major subsystems and components.
Pending this analysis, one can approach the matter parametrical.ly, by allocatiné
a certéin weigfzt percentage of the subsystem (e.g. LSS, electric system, commt%li-
cation ‘system' data processing system, etc.) as spare part w‘eight.' The spax*é p rt
weight is a maximum at Earth departure. Bfefqre and after each major m{an_e;wé;;.
a certain unused portion of this vvve'ight can be eliminated. In the first approxima-
tion a percentage of each module {M-1 thro.ugh M-4 plus LSS) can be allocated as
spare part weight. Let this percentage be s. This percentage will increase fairly
rapidly with the mission time. The reason for this is not only that a piece of equip-
ment of given lifetime to (repairable) failure needs twice as many spare parts if
1t has Lo serve twice as long: moreover. as the mission time. say, doubles. the
mean-iife-to-1aalure (repairable) of other vomponents s exhausted. whence spare
parts or spare modules must be added which (for a given mussion probability) did
not have to be taren along on the shorter trip.

The venicie svstem can be thougnt of as consisting of N pr.rcipal subsystems

(or modules) of reliability RSS . The product of all sibsystem reliabiiities is the

Drosability of moission success of the {(non-redundant) ven:ole.  Each subsystem has

Z compunents; cacn component consists of z parts.  The addition of

o



spare parts

spare components

repair tools and equipment ("workshop'')
and the provision of

aiternate modes of - bsystem or component operation
ssiom success of the individual vehicle, Th.-:: {first
Ine TonTlnL aLnYGadl may cost hms or no weight but requires

inroughout the design and development period, of the

CEIT e nuItly anid aw e

»uf reliabiisty. Since the fourth approach depends very

-~

n:ach on the vehicle ¢ and design details, it dues not lend itself to a parametric

Tre relrabilisty RSS of the individual subsystem which contains Z com-

SDProadch.

porents any une ol wrnich could fail, is strongly dependent upon the mission time T

{or that nimber of hours during which the subsystem 1s used, :f it

prior tv mission completion) and upon the averape component failure rate ¥,

'ZFT e 5,
RSS-e _ {&-13

and

F = Z 2f/Z (6-2}

where z :¢ tie number of parts in each component used and { is the component {aziur
o matter how small F, :f T 1s only fong encng:y

rate. Eqg. {¢-1) wieariv shows that,

R will fall below an acceptadle level,
58
.

which are not needed £ T is short. Because of tnhe large number

Dl S S N NI ~ - T o ¢ . .
e rapidly snowbailing number of components and parts :

apl

o]

t

g o 3 i < - P o N - - N .. - . i - < . “ - -
the possible seriousness of more or less unlimited growth of T on the spare part
wesohts reguired 1o 223y abLove & 2iven Mlssion s.Coess wrobanility threshold must
taren inlu consideration woth lonver sntssion guratiun
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Since the vehicle 1s manned. the possibility of {ailure detection and mant
ance must be taken into account. [If RV is the effective vehicle reliability {mission
success probability), Ro is the reliability of the non-detectable portion of failures
in the vehicle, arising from checkout equipment failure and limitations in locating

and disiributing checkout equipment, then,
N - _} N . . . m
- N-1 i i
R, =R ‘LZ (,) (Rgg" " (1 -R_) (6-3)
i=o

= one plus tne number of spares aviilable for each subsystem

= number of subsystems which must be working for successful vehicie
operation. j = 1 for the non-redundant vehicle.

Rss = reliability of the detectable portion of subsystem failures

m = number of replaceable modules or subsystems into which the vehicle is
packaged.

-{1-D)FT L
R =e ( ) (¢-4)

D = fraction of failures which are detectable and can be 1solated on the
subsystem or module level

F = faslare rate of the module or subsystem
T = mission time (hours)
The value of 18
H Reg
-DFT/m

R = e (r .

58

di

For the case uf either a replacement or an alternate moce (untii failure nas Loen

vepaired) for cach subsystem or module. the effective vehicle probebiiniy of ms-

2 o~
R ; Lf_ml 2 (R 2-1 , R 3 m
2 \/_( 1 - \(_) 2~ (‘ } Y SS) (‘ - bb)
|
, m
R SR L R* ] {t-0}
N . o 55



As an initial presentation of tremds. Eq. (0-53) 1s used. Thi: relation shows

14

that, in order to maintain a given subsystem reliability R at increasing T. m

a

must increase,

(6-7)

DFT
, DFT, 1. ss.2 .
— - I () (6-8)
2 Rss, 1

I

If the subsystem reliab:ility is to remain constant, the right hand side of the above

equation becomes zero and

m T
2 P (6-9)Y

m) T
showing that, for constant reliability the number of replaceable modules or subsys-

1

tems 1s directly proportional to the mission time for all those subsystems or modu.es

{

of equal or similar failure rate. Added to this must be those without Spare parls
whose reliability according to Eq. (6-1) drops below an acceptable level. However.
taking only those increases defined by Eg. (0-9) shows that, if a 400-day (10 000 L3
mission requires an intial spare part weight of. say, 10 percent of tne dry weight

{about 1 percent of the gross weaght), an 800-day (20 000-hr) miss.on v d roca s

at least 20% of the dry wergnt. if the weight W ) of the my replacyat

modules 1s

W = 5 W (&1
mi s Al '

it_g ~ = 0 01’.). t,h(ﬁn

T
= s W., £ a1l
Tl LA S



